Observations obtained over seven observing runs with the KPNO coudé-feed spectrograph indicate no detectable zeropoint error in the "Fick" stellar radial-velocity system. The coudé-feed zero point was established through observations of solar-system objects for which radial velocities were derived from their orbital elements.
I. Introduction
It has been evident for some time that many published radial velocities contain systematic errors. A major source of these errors involves the zero points of various systems resulting from the use of incorrect effective wavelengths. Even in high-dispersion spectra, laboratory wavelengths cannot be utilized safely for stellar lines, due in part to line blending and in part to optical aberrations in the spectrograph which cause systematic differences between the positions of the comparison and stellar lines.
The general procedure when obtaining radial velocities is to compare the program stars with a number of "standard" stars. These standards in turn have been established through a number of approaches (see Petrie (1962) and Batten (1978) for details), the most fundamental of which is to observe solar-system objects, for which the radial velocities are known through their orbital elements. As a result, the I.A.U. radial-velocity standards (Pearce 1955) were established, generally with mean errors less than ±0.5 km s -1 . A number of these standards have been found to be variable (Batten 1978 , and references therein; Anderson and Nordstrom 1983) and thus are unsuitable. They also tend to be bright, which causes difficulties when using large telescopes. Heard (1972) established some fainter secondary standards, around 9th mag, but they are subject to the same uncertainties as the I.A.U. standards.
With the advent of the "radial-velocity spectrometer" (Griffin 1967; Griffin and Gunn 1974; Beavers and Eitter ^Visiting Astronomer, Kitt Peak National Observatory, National Optical Astronomy Observatories, operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
1977; Fletcher et al. 1982) , a new level of internal accuracy is achievable. This fact prompted Beavers et al. (1979, hereafter referred to as Beavers) to determine radial velocities for 200 stars over the entire northern sky, with an internal accuracy of < ±1 km s -1 , using the spectrometer developed at the Erwin W. Fick Observatory (these stars hereafter will be referred to as the "Fick" stars). They adjusted their zero point through an iterative process to coincide with the "Lick" system, the forerunner of the I.A.U. system. The Fick system presumably is self-consistent over the sky (see the lack of correlation between the radial velocities and various observational parameters, Beavers, Figs. 1 through 4). However, even though the zero point was adjusted to the Lick zero point, it still should be established directly through comparison with fundamental objects whose radial velocities are known independently of any assumed effective wavelengths or previously established radial velocities.
In connection with a program concerning the Hyades cluster radial velocity (Detweiler et al. 1984 , hereafter referred to as Detweiler), a number of the Fick stars also were directly compared to several solar-system objects. Details of the overall project are outlined in Detweiler. We report here the comparison of the Fick radial velocities and those found by us, which were obtained with the KPNO coudé-feed spectrograph. The spectral coverage is from F8 through K4, with a concentration near G2, to minimize any variation in effective wavelength due to stellar temperature differences.
II. Observations
Coudé-feed observations were obtained during seven runs at KPNO, the approximate dates of which are given in Table I , the first column. Five of the runs coincided with those for the Hyades project (Detweiler) , and observations and reductions for all runs conformed to the approach outlined there. The zero points of each run were established through observations of solar-system objects, including the Galilean satellites, Uranus, Neptune, and the minor planets Ceres, Juno, Pallas, and Vesta, all of which appear as stellar-like objects at the coudé-feed focus. The computed radial velocities for these solar-system objects, derived through their orbital elements are accurate to ~ ±0.5 km s -1 (Detweiler) . The spectra were recorded on baked Ila-O emulsion at a dispersion of 17 Â mm -1 , with widths varying from 0.2 to 0.3 mm. The projected slit width at the plate was 20 microns or less, varying with the collimator used. Exposure times for the solar system standards ranged from several minutes to two-and-a-half hours, and for the program stars the range was from one minute to 45 minutes.
The dispersion curve for each spectrum was established by fitting a third-degree polynomial to 36 Fe-A hollow-cathode comparison lines, over the wavelength range 4000 Â^i400 Â, with a precision of ~ ± 0.3 km s -1 . Mean effective wavelengths for 32 stellar lines were then established for each run, utilizing all solar-system standards, which generally were obtained on several different nights within the run. The coudé room temperature stayed nearly constant within each run, and no equipment adjustments were made. Therefore we assumed constancy of effective wavelengths within each run. The resulting accuracy for one exposure is ± 1 km s -1 , and the zero-point accuracy for each run is that value divided by the square root of the number of standards.
Six sets of effective wavelengths were established. The variations from run to run are generally 0.5 km s -1 or less, and comparable to the mean errors of the differences. Although the mean effective wavelengths for each run were used, in fact, the overall mean of all runs would have been essentially as valid.
The number of observations for the standard solar-system objects is given in the second column, Table I , and the zero-point uncertainty is in the third column. For run number 6, no solar-system objects were available to observe, and the effective wavelengths of run number 5 were used.
The zero-point uncertainty for each run implies systematic differences between each run for the program stars, which should be within the expected limits dictated by the mean errors of the zero points. These uncertainties appear as the mean differences in the coudé-feed and Fick radial velocities for each epoch, given in the fourth column of Table I . This point will be returned to in section IV.
The individual observations are listed in Table II , with the HR name, plate number, Julian day, and derived radial velocity, respectively. In many cases, sequential exposures were obtained on a given star, primarily to establish internal accuracy. This plate accuracy is -=h 1 km s" 1 , consistent with the value found from the solarsystern objects. There are 142 exposures on 61 Fick stars.
III. Systematic Effects
Beavers made a number of tests to evaluate systematic effects-and found none of consequence. We also find no correlation between the radial velocities and such parameters as azimuth, hour angle, air mass, exposure time, and spectral type.
One test, however, does show systematic effects. The projected slit width at the plate varied from ~ 10 microns to 20 microns from run to run. Differential atmospheric refraction could cause systematic shifts in wavelength of the recorded spectra, particularly for the 20- (Pearce 1955) . micron slit setting. The orientation of the refracted spectral image relative to the slit varies with position in the sky. For the present set of data, we used a blue filter in the guiding beam, and therefore the blue portion of the stellar spectrum was centered on the slit aperture, reducing any effects due to differential refraction. Poor guiding also could have occurred for the brighter stars, for which the exposure times were very short. However, in most cases, neutral density filters were used to increase exposure times for the brightest objects, such that each exposure was the result of several trails on the slit. Nevertheless, to evaluate these sources of error several test exposures were made with the stellar image centered on one or the other edge of the slit aperture. The results are summarized in Table III . The first column has observed during each run. The zero-point uncertainties are evident in the mean differences between the coudé-feed and the Fick radial velocities for each run. These mean differences are listed in Table I , the fourth column, with the standard deviations, mean errors, and number of observations following. The range of plate numbers for each run are in the last column. In only one case is the difference (fourth column) more than three times the zero-point mean error (third column) or the mean error of the mean (sixth column); in the remaining cases they are essentially equal. Thus there is no evidence of any seasonal zero-point systematic errors and therefore it is justifiable to take mean values over all observing runs for the program stars.
The mean values are listed in Table IV . The fourth the star name, for which one or two centrally-trailed exposures were made (and which are listed in Table II) , with the plate number in the second column. The projected slit width at the plate for all exposures within a given set is given in the third column. The fourth and sixth columns have the difference between the central value(s) and those obtained with the image trailed on either edge of the slit, with their plate numbers in the fifth and seventh columns. The "blue" column represents the case where the star image was trailed on the blueward edge of the slit and "red" the opposite edge of the slit. The last column has the difference, red -blue, for the two off-guided images. In all cases, although the red and blue values are not always of opposite sign due to observational error (individual exposures have errors of ~ ± 1 km s -1 ), the differences are all in the same sense. These tests represent extreme circumstances which ordinarily will not occur. However, they do illustrate the caution which must be taken at the telescope.
IV. Coudé-Feed Minus Fick
We conclude that systematic effects are minimized in our observations, other than the zero-point uncertainties listed in Table I , which depend on the single-exposure " 1  1  2  1  3  3  3  2  1  2  2  1  2  1  3  8  1  1  3  1  1  1  1  2  2  2  3  2  2  2  3  2  3  3  2  1  1  1  1  1  4  4  2  2  1  1  2  12  3  3  3  3  5  2  2  4 (Pearce 1955) column has the Fick radial velocity and the next the mean coudé-feed value, followed by the number of coudé-feed exposures. The seventh column has either the standard deviation of the coudé-feed observations (for cases of N > 3) or the mean difference (for N = 2 or 3), with the mean error (for N > 3) in the eighth column. The last column has the difference, coudé-feed minus Fick. The mean difference (coudé-feed minus Fick), with the standard deviation and mean error are given in the last three rows of Table IV; they are essentially identical to those found through the individual coudé-feed velocities (last row, Table I ). The mean difference is 0.0 ±0.1 km s -1 ; it is quite obvious that the Fick radial-velocity system has virtually no systematic difference from the solarsystem objects. As mentioned earlier, the solar-system radial velocities are accurate to ~ ±0.5 km s -1 , and thus for practical purposes, the Fick radial velocities are more than sufficiently accurate to be used as secondary standards for current statistical astronomical problems. et al. 1969 ) and technically should be excluded in determining the mean difference, but since the difference is less than most, it has been retained. The mean difference, coudé-feed minus I.A.U. = ±0.4 ± 0.5 km s -1 , is larger than for the Fick comparison, but still is acceptably small. This is to be expected, as Beavers also found no significant difference between the I.A.U. and the Fick values. However, given the large number of Fick stars all over the northern sky, and the fact that Beavers took great pains to exclude any detectable variables, and in view of the number of I.A.U. standards found to be variable, it is evident that the Fick list is an acceptable and convenient source for radial-velocity comparisons.
Unfortunately we-have no coudé-feed observations of the fainter Heard (1972) secondary standards. It is essential that this list also be checked for zero-point accuracy, since the Fick stars are too bright for convenient use with moderate and large telescopes, particularly with the new sensitive detectors. Tables V  and VI, with identical formats to those of Tables II and  IV . One star, HD 206778, appears to be variable (Batten Sixty-one Fick stars were observed with the KPNO coudé-feed spectrograph. The stellar effective wavelengths were established through 42 observations of the Galilean satellites, Uranus, Neptune, and the four brightest minor planets.
No seasonal differences between the coudé-feed velocities are evident, and the overall difference between the two sets is: coudé-feed minus Fick = 0.0 ±0.1 km s -1 , implying the zero-point error in the Fick system is less than the individual accuracies (~ ±0.5 km s -1 ). Nine I.A.U. standards (not included in the Fick list) also were observed, with a mean difference coudé-feed minus I.A.U, = ±0.4 ± 0.5 km s -1 , again indicating acceptable zero-point accuracy. Fletcher et al. (1982) at Dominion Astrophysical Observatory found Beavers to be consistent with the Lick system, but with both ~ 0.5 km s -1 greater than the DAO system. That result is consistent with the fact that the Fick zero point was adjusted to the Lick system. There is no difference, however, between the DAO and asteroid observations, implying a difference between DAO and the present system of ~ 0.5 km s -1 . Thus we conclude that the Fick stars can have a zero-point uncertainty no greater than ±0.5 km s"
1 . The Fick stars are very useful for radial-velocity comparisons; they number 200, have had detected variables removed from the list, and are well distributed over the sky.
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